Background: A hallmark characteristic of depression is the inability to regulate the effect of emotional material on cognition. Previous research has demonstrated that depressed individuals are less able than are nondepressed persons to expel irrelevant negative information from working memory (WM), thereby exacerbating the effects of negative content on cognition. The primary goal of this study was to examine whether depressed individuals are also impaired at selecting relevant positive content in the context of representations competing for resources in WM; such an impairment would limit depressed persons' ability to use positive material to ameliorate the cognitive effects of negative information. Methods: We administered a Recency-probes task with neutral, positive, and negative words to 20 currently depressed and 22 never-depressed participants. This task assesses the selection of relevant content in WM by inducing interference between current and prior representations of a stimulus in WM. Reaction times to interference and noninterference trials were compared across valence and group to assess how effectively depressed individuals select taskrelevant emotional content to resolve interference. Results: Compared to neverdepressed controls, depressed individuals were impaired in selecting task-relevant positive stimuli; the performance of the two groups was comparable for selecting task-relevant neutral and negative stimuli. Conclusions: Findings indicate that a valence-specific deficit in WM may contribute to the inability of depressed individuals to regulate emotion, and provide empirical support for formulations that implicate positive insensitivity in the maintenance of depression. Depression and Anxiety 26:403-410, 2009. 
INTRODUCTION
Major depressive disorder (MDD) is characterized by a wide range of symptoms. Depressed people report recurrent and often unintentional and uncontrollable thoughts that involve negative, self-deprecating statements and pessimistic ideas about the self, the world, and the future. [1] A critical question in understanding depression, therefore, is why depressed individuals have difficulty controlling intrusive taskirrelevant emotional thoughts. [2] One explanation is that depressed individuals are less able than are their nondepressed counterparts to select and attend to taskrelevant emotional content.
Information in the environment and material recalled from long-term memory continually compete for representation and cognitive resources in working memory (WM [3, 4] ) WM reflects the focus of attention, holding those representations of which a person is aware at any given moment. [5] [6] [7] It is through WM that we are able to sift through the plethora of information we encounter in our daily lives to isolate the stimuli that are relevant to a specific task or situation. WM has been implicated in the regulation of emotion; indeed, maintaining emotional content in WM has been found to affect both positive and negative mood. [8, 9] To control the effects of emotional content on cognition, individuals must regulate the activation of emotional material in WM so that only task-relevant emotional information is represented. Given that WM is a limited-capacity system, [5] there are two principal components involved in regulating the effect of emotional content on cognition. First, relevant content must be selected from a range of competing alternatives so that cognitive resources can be directed at the proper relevant content. Second, irrelevant emotional content must be effectively expelled from WM, preventing the activation of a more enduring mood state and allowing cognitive resources to be devoted to task-relevant information. Given these requirements, depressed individuals may experience intrusive emotional thoughts that foster rumination because they have difficulty selecting task-relevant emotional content on which to focus their cognitive resources, and/or because they cannot expel task-irrelevant emotional content from WM.
To date, there has been one study that specifically examined the effectiveness with which depressed individuals are able to expel irrelevant negative and positive content from WM. Joormann and Gotlib [10] administered a modified Sternberg task to depressed and nondepressed individuals that required them to memorize a list of positive and a list of negative emotional words and then ignore one of the lists. Participants then indicated whether a probe was or was not a member of the relevant to-be-remembered list. To assess the ability to remove irrelevant stimuli from WM, Joormann and Gotlib compared response latencies to probes from the irrelevant lists, to latencies to novel probes of the same valence. These investigators found that although depressed and nondepressed participants exhibited equivalent responses to negative and positive relevant words, depressed participants showed greater intrusion effects for negative irrelevant words, indicating that they have difficulty deactivating and expelling negative content material that was once relevant and is now irrelevant from WM.
Although these results are informative, they do not address the question of whether depressed persons are able to choose relevant emotional material on which to focus their attention from competing alternatives-an ability critical for effectively regulating affect. [11, 12] Information in WM is continually competing for cognitive resources. [13] Therefore, to direct attention away from negative content and toward positive content to repair mood, individuals must be able to select relevant positive content on which to focus their attention. [14] When people feel sad and want to improve their negative mood, for example, they will search for available positive stimuli in their environment that are relevant to this task, such as watching a favorite TV program, calling a friend, or eating a desired food. All of these alternatives compete for representation in WM, and the content most relevant to the task would be selected and acted on.
To examine the selection of emotional stimuli in the context of interference in WM in a sample of nonpsychiatric participants, Levens and Phelps [15] conducted an Emotion Recency-probes task using neutral, negative, and positive stimuli. The Recencyprobes task examines the selection of relevant content in WM by inducing interference between current and prior representations of a stimulus in WM. Participants are asked to indicate whether a probe word is a member of a target set of three words. On interference trials, the probe word is not a member of the current target set, but was a member of the preceding two target setscreating interference between a ''familiarity'' based response of ''yes'' and a ''source'' response of ''no.'' Although both the source and familiarity representations inform participants how to respond to the current trial, to respond correctly on interference trials participants must select the source representation rather than the familiarity representation. Levens and Phelps found that participants were able to select the correct relevant source representation and respond faster on positive and negative interference trials (i.e., emotional trials) than they were on neutral interference trials.
One reason why depressed individuals are not able to regulate their mood as effectively as are nondepressed individuals may be because they are less able to select relevant positive content material on which to focus their attention and cognitive resources. To assess this formulation, we administered the Emotion Recencyprobes task to depressed and nondepressed participants as an index of their ability to select and attend to taskrelevant positive content in the context of competition. Previous research has found that, compared to nondepressed controls, depressed individuals are insensitive to positive stimuli, regardless of the relevance of the material. For example, depressed individuals have been found to show attenuated reactivity to positive scenes [16] and diminished neural activity in response to positive words, [17] and to be less behaviorally responsive to reward contingencies. [18] These findings suggest that depressed individuals are less able than are nondepressed persons to select relevant positive content in the face of competing alternatives in WM. Previous investigators have also found depressed individuals to show a potentiated response to irrelevant negative stimuli, but similar response patterns as nondepressed persons to relevant negative stimuli. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Because the emotion Recency probes task assesses the selection of the most relevant representation (i.e., the correct source representation), based on previous findings depressed individuals may well select the relevant source representation for negative content in WM as effectively as do controls. We predicted, therefore, that depressed participants would be impaired in selecting relevant positive content in the context of interference, but would not differ from nondepressed participants in their ability to select relevant neutral and negative content.
METHODS PARTICIPANTS
Forty-six individuals, 20 diagnosed with MDD and 22 neverdisordered controls, participated in this study. Participants were solicited from advertisements posted on Internet bulletin boards. Participants' responses to a telephone interview provided initial selection information. This phone screen established that participants were fluent in English and were between 18 and 60 years of age. Individuals were excluded if they reported severe head trauma or learning disabilities, bipolar disorder, or alcohol or substance abuse within the past 6 months. Eligible persons were invited to come to the laboratory for a more extensive diagnostic interview. Participants were then scheduled for a second session within 2 weeks after the interview, during which they completed the modified RecencyProbes task.
Trained interviewers administered the Structured Clinical Interview for the DSM-IV (SCID [20] ) to these individuals during their first session in the study. All interviewers had extensive training in the use of the SCID, with inter-rater reliability k coefficients of .93 for the MDD diagnosis and .92 for the ''never-disordered'' diagnosis (i.e., the absence of current or lifetime psychiatric diagnoses [21] ). Participants were included in the depressed group if they met the Diagnostic and Statistical Manual of Mental Disorders, 4th ed. [22] criteria for current MDD, and in the nondepressed group if they had no current or past Axis I disorder. All participants completed the Beck Depression Inventory-II (BDI [23, 24] ), a 21-item, self-report measure of the severity of depressive symptoms.
STIMULI
Two hundred and sixty emotional and 330 neutral words from the Affective Norms for English Words (ANEW) battery developed by Bradley and Lang [25] were selected as stimuli. Each set of words was selected based on ANEW valence and arousal ratings. The neutral words (e.g., ''chair'') formed one large category of words; the emotional words were separated into two categories: one consisting of negative valence, high arousal words (e.g., ''mutilation,'' ''terror,'' ''murder''), and the other consisting of positive valence, high arousal words (e.g., ''desire,'' ''treasure,'' ''erotic''). Words within the neutral and emotional categories were balanced for frequency of use and concreteness. The means, ranges, and standard deviations of ratings of the stimuli in each category are presented in Table 1 .
TASK DESIGN
The Recency-probes paradigm, based on research by Monsell [26] was modified by adding emotional stimuli to the task. The experiment was divided into two 30-min segments: the Positive segment consisted of positive and neutral words as stimuli, and the Negative segment consisted of negative and neutral words as stimuli. The presentation order of the two segments was counterbalanced across subjects. The experimental procedure was similar for each segment. Instructions about the experiment were given to participants both orally and in writing. The experiment consisted of 360 trials separated into 12 blocks of 30 trials, as well as an additional 16 practice trials that were not scored. For each segment, participants completed 8 practice trials followed by 180 experimental trials separated into six blocks of 30 trials. Each trial consisted of a target set of three words displayed on the computer screen for 2,000 ms, followed by a delay of 2,000 ms. During which a fixation cross was presented, followed by the presentation of a single probe word for 2,000 ms. Participants were instructed to indicate as quickly and as accurately as possible whether or not the probe word matched a word in the current target set by pressing buttons corresponding to ''Yes'' or ''No'' on the computer keyboard.
Emotional words within the Positive and Negative segments were placed strategically to permit an examination of the effects of emotional content on response selection in the context of interference. Trial target sets had a minimum of one emotional word and a maximum of three emotional words; most trials had two emotional words. To delineate the effect of emotional content on interference resolution when the emotional information is the focus of the trial versus when it is not the focus of the trial, two emotion conditions were defined: the Emotion Focus condition, and the Emotion Nonfocus condition. The Emotion Focus condition consisted of trials in which the emotional content was the focus of the trial, i.e., the probe words were emotional. In contrast, the Emotion Nonfocus condition consisted of trials in which the emotional content was not the focus of the trial, i.e., the probe words were neutral and the emotional words were presented only as stimuli in the target set (see Fig. 1 for trial examples). Emotion Focus and Emotion Nonfocus trials were pseudo-randomly intermixed in emotion blocks within each valence segment.
To analyze response selection in the context of interference, the experimental trials were further separated into four trial types: (1) Recent No-response trials, in which the probe does not match any items in the target set of the present trial but does match an item from the target set of the past two trials; (2) Nonrecent No-response trials, in which the probe does not match items from either the current or the past two target sets; (3) Recent Yes-response trials, in which the probe matches an item from the current target set as well as an item from each of the two preceding target sets; and (4) Nonrecent Yes-response trials, in which the probe matches an item from the current target set but not from the preceding two target sets.
Interference was present in the Recent No-response trials because the probe word was not a member of the current target set, but was a member of the preceding two target sets, thereby creating interference between a ''familiarity''-based response of ''yes'' and a ''source'' response of ''no.'' Familiarity and source recognition, though normally in concert, were placed in conflict in this task: whereas source recognition supported a correct ''No'' response, familiarity supported an incorrect ''Yes'' response. Both the source and familiarity representations inform participants how to respond to the current trial. To respond correctly on interference trials, however, Standard deviations are shown in parentheses. Ã Significant difference between neutral and emotional stimuli, Po.01.
participants must select the source representation rather than the familiarity representation to inform their response. Because the interference must be resolved before the individual can respond, reaction times (RTs) in Recent No-response trials, or interference trials, are longer than in Nonrecent No-response trials, or noninterference trials. [27] The difference between Recent Noresponse and Nonrecent No-response trials, therefore, represents the amount of interference that must be resolved in Recent Noresponse trials to select the correct source representation required to make a response.
The creation of the Emotion Focus and Emotion Nonfocus conditions resulted in a total of three trial conditions for each valence segment (e.g., Positive valence session: Positive Emotion Focus, Positive Emotion Nonfocus, and Neutral condition trials) with four trial types each (e.g., Positive Emotion Focus Recent No-response trials). The presentation order of neutral and emotion blocks within each valence segment was counterbalanced, as were individual trials within a block, so that ''No'' and ''Yes'' responses were equally likely to precede/follow each other.
RESULTS

PARTICIPANT CHARACTERISTICS
Demographic and clinical characteristics of the MDD and nondepressed participants are presented in Table 2 . As is evident from the Table, the two groups of participants did not differ significantly in age, t(40) 5 0.9, or education, t(40) 5 0.77, both Ps4.05; as expected, depressed participants obtained significantly higher scores on the BDI than did nondepressed participants, t(40) 5 18.4, Po.001. Finally, 10 of the 20 MDD participants were diagnosed with a comorbid disorder: three participants reported a diagnosis of panic disorder, three reported a diagnosis of dysthymia, and one participant each reported generalized anxiety disorder, bulimia, social phobia, and obsessive compulsive disorder.
RESPONSE SELECTION IN THE CONTEXT OF INTERFERENCE
Incorrect trials and individual subject trial reaction times (RTs) that were more than 2.5 standard deviations from the trial type mean were excluded from analyses. Depressed and nondepressed participants did not differ with respect to the number of excluded trials, t(40) 5 0.66, P4.05, overall RT, 1 or error rates. 2 RTs for nondepressed and depressed participants for each trial type in each condition are presented in Table 3 . To examine response selection in the context of interference, difference scores were calculated for each participant for each condition by subtracting Nonrecent No-response trial reaction times from Recent No-response trial reaction times (see Fig. 2 
DISCUSSION
This study was designed to test the hypothesis that compared with nondepressed persons; depressed individuals would be impaired in selecting relevant positive stimuli in the context of interference. The results of this study support this hypothesis: depressed individuals exhibited greater interference for positive stimuli than did nondepressed persons. Although at first glance this finding appears counter to the positive attenuation hypothesis by suggesting that depressed individuals have a greater sensitivity to positive stimuli and, therefore, more difficulty overriding a familiaritybased response than do nondepressed individuals, this is not the case. Rather, depressed individuals do not exhibit the emotional facilitation of interference resolution that nondepressed individuals show, but instead, exhibit positive interference levels that are similar to neutral interference levels, indicating that they are processing salient positive words more like they do neutral words.
Why is this so? What properties of the positive stimuli have been lost for depressed individuals to merit poorer interference resolution with these stimuli than is found for nondepressed individuals? Both in previous research [15] and in this study, nondepressed individuals show lower levels of interference for emotional than for neutral stimuli. The design of the Recency-probes task dictates that for interference levels to decrease, either familiarity signals must decrease or source recognition signals must increase. In this context, there is no evidence to suggest that emotional context may decrease familiarity; considerable research has documented, however, that emotion improves source recognition. [28, 29] Thus, the lower levels of emotional interference on this task may be due to an enhanced signal for emotional content that improves source recognition to facilitate interference resolution in WM (for additional discussion, see Levens and Phelps [15] ). Depressed individuals may lack this enhanced emotional signal for positive content material, impairing their ability to select relevant positive content in the face of competing alternatives. Importantly, depressed participants in this study were not slower to respond to positive stimuli under noninterference conditions, demonstrating that they are impaired only when positive stimuli compete for representation.
It is also important to note that depressed and nondepressed participants did not differ in their performance in the Emotion Nonfocus condition. One might have expected, based on depressed individuals' bias to attend to negative content [30, 31] that depressed participants would focus more on the negative emotional words in the target set, leading to poorer encoding of the neutral words and, therefore, worse performance when the probes were neutral words. Importantly, however, it appears that negative stimuli presented simultaneously with neutral and/or positive stimuli do not impair the encoding of these latter stimuli. In Joormann and Gotlib's [10] study, for example, participants memorized two lists of positive and negative words presented simultaneously, after which they were asked to ignore one of the lists. Participants were then probed with relevant words from the to-be-remembered list, intrusion words from the to-be-forgotten list, or novel words, and were asked to indicate whether the probe word came from the to-be-remembered list. Consistent with the results of this study, the encoding of the negative words did not affect responding to the positive words. It appears, therefore, that negative stimuli capture attention when they are presented as distractors to neutral or positive stimuli at the point a response is required (e.g., [30] [31] [32] ) but not before. The consequences of an impairment in selecting relevant positive stimuli are substantial. The decrease in the level of interference from neutral to emotional stimuli for nondepressed individuals suggests that they select correct relevant emotional content twice as quickly as they do correct relevant neutral content. In the context of decision making, therefore, relevant emotional representations will be allocated more cognitive resources than will relevant neutral content, and will be selected to be acted on twice as quickly as will relevant neutral representations. The fact that depressed individuals do not show the same level of positive interference resolution facilitation suggests that they do not accord positive stimuli representations in WM the preferential treatment that they should, subsequently preventing the appropriate allocation of cognitive resources to positive information. This, in turn, hinders elaboration of positive stimuli, and prevents them from utilizing the positive stimuli to repair negative mood. Thus, findings that depressed individuals experience lower levels of positive affect and behavior in response to various types of stimuli than do nondepressed persons [33, 34] may be due to their relative inability to select relevant positive stimulus representations in the face of competing alternatives in WM.
Although the specific neural mechanisms that underlie the selection of relevant positive stimuli in depression have not yet been elucidated, it is likely that the amygdala, because of its involvement in the processing of relevant [35] and emotional stimuli, [36] [37] [38] and the prefrontal cortex (PFC), which has been shown to regulate amygdala function, [39, 40] play a role in this process. In particular, the left dorsolateral PFC (DLPFC) region, which has been implicated in cognitive control, [41, 42] has been shown to affect the experience of negative emotion by recruiting the amygdala in accord with regulatory goals. [40] It is possible, therefore, that in depressed persons the amygdala is not processing positive stimuli as arousing and relevant, which in turn prevents its recruitment by the DLPFC. Alternatively, the amygdala may process the positive stimuli as relevant, but neural signals from the amygdala to PFC are not being integrated into response selection. Both of these possibilities would impair depressed individuals' selection of relevant positive material in WM. Certainly, future research is necessary to elucidate the neural regions that are involved in this process and to extend the present findings to other types of positive stimuli (e.g., low arousing positive words, positive pictures) and to other clinical populations. Nevertheless, it appears that the ability to process and select relevant positive emotional content in the context of competing alternatives is impaired in depression, and it is likely that these impairments contribute to the ineffective emotion regulation that is the hallmark of this disorder.
